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Introduction

45
Carotenoids are a major class of natural pigments produced de novo by plants 46 and microbes. In plants, carotenoids can be found in fruits, flowers, roots, leaves, and 47 seeds, and in most cases are responsible for the red, orange and yellow colorations 48 (Britton & Hornero-Méndez, 1997) . In contrast, animals are unable to synthesize 49 carotenoids, so they need to incorporate them from the diet. Carotenoid pigments are a apparatus from photo-oxidation. They are also the precursors to signaling molecules 58 which influence the development and biotic/abiotic stress responses and attract animals 59 as pollinators and for seed dispersion. Carotenoid production in the seeds is a 60 determinant for ABA production and seed dormancy (Taylor & Ramsay, 2005) . In 61 wheat grains, carotenoids are important antioxidants that limit the levels of free radicals 62 and reduce the activities of degradative enzymes, thus avoiding the ageing of seeds 63 (Pinzino et al., 1999) . Carotenoids protect the seed from deterioration and thereby 64 contribute to a successful germination process. 
152
The analysis of the composition and distribution of carotenoids in cereal grains are 153 increasingly accurate (Ndolo & Beta, 2013) 
HPLC analysis of carotenoids
209
The procedures for the isolation and identification of carotenoid pigments and its 210 esters have already been described in previous works (Atienza et al., 2007; Mellado-211 Ortega & Hornero-Méndez, 2012 Barcelona, Spain) was used. Column compartment was thermostatized at 25 ºC.
218
Separation was achieved by a binary-gradient elution using an initial composition of 219 75% acetone and 25% deionized water, which was increased linearly to 95% acetone in 220 10 min, then raised to 100% in 2 min, and maintained constant for 10 min. Initial 
Degradation kinetics modeling
234
To determine the degradation reaction order of the total carotenoid content, zero-235 and first-order kinetics were hypothesized by applying the general reaction rate 236 expression -dC/dt = kC n , where C is the concentration of the compound (µg/g dw), C 0 is 237 the initial concentration, k is the reaction rate constant (days -1 ), t is the reaction time
238
(days), and n is the order of the reaction. due to pigment degradation which followed a temperature dependent trend.
263
Consequently, the lower total carotenoid content was found at the end of the storage which makes them susceptible to oxidation. Moreover, it is well accepted that the shelf-
272
life of whole-grain wheat flour is considerably shorter than refined flour, which is 273 associated with the instability of the lipids in the germ (Tait & Galliard, 1988) .
274
Thus the oxidative stress generated by the conditions of storage causes an 275 increase in free radicals, which are also generated by enzymatic systems such as 
365
The relationship between fatty acids and pigments could be considered not only 366 as a protection for the carotenoid themselves, but also for the fatty acids. Some 
Degradation kinetics of carotenoids
379
Since the storage and processing conditions may induce important changes in the 380 food components, some qualities attributes may be compromised as a result. The rate at 381 which these alterations occur has been a very active research topic in food technology. Table 3 . Reaction rate constant (k; days -1 ) and half-life time (t 1/2 ; days) for the total carotenoid content in durum wheat (Don Pedro, Simeto and Claudio varieties) and tritordeum (HT630, HT621 and HT609 lines) whole-grain flours during a short storage period (90 days) at 4, 20, 37 and 50 ºC following a first-order kinetic model (C=C 0 -exp(kt)). Relative composition (%)
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